Revised. Amendments from Version 1
==================================

as recommended by the Review we added (in red) details of the dosage on the presented Protocol, we have included the rationale of use for each treatment. We have added a paragraph in the Protocol section indicating the times of use of the drugs and when to begin treatment with each category of drugs.

Introduction
============

The use of dermal fillers is increasingly required in cosmetic surgery ^[@ref-1]^. Injection of dermal fillers is a safe procedure, with few and transient side effects. However, cases of skin necrosis have been reported, including with involvement of vision and ocular globe ^[@ref-2]^. The cause is an impediment of the blood supply by compression and/or obstruction of the vessel(s) with filler material, and/ or direct injury to the vessel ^[@ref-3],\ [@ref-4]^. Several therapeutic approaches have been described ^[@ref-5]--\ [@ref-7]^.

The aim of this report is to present our protocol for the early treatment of vascular complications after facial rejuvenation with dermal fillers in order to avoid skin necrosis. We present two cases of vessel damage and skin suffering of the face after dermal infiltration of hyaluronic acid (HA), which occurred in 2017 and was treated successfully with our protocol.

Protocol
========

Infiltration of hyaluronidase is performed firstly, at a deep dermal level, and is distributed over the area to be treated through micro-injections at a dosage of 40 IU per cm ^2^. The distribution is homogeneous except for nodular areas in which a double dose is infiltrated (in any case, at least 150 IU of hyaluronidase in 1 ^th^ infiltration is used). The lithic enzyme must be infiltrated at the dermal level, homogeneously distributed, in order that from the point of infiltration it is distributed to the vessels by diffusion. The rational use of hyaluronidases is to breakdown HA particles and allow reabsorption. It is well known that hyaluronidases are inactivated by the immune system ^[@ref-8]^, so the treatment must be repeated to obtain an adequate concentration. In our clinical practice, we use the maximum dosage (40IU per cm ^2^) for three consecutive days. The areas to be treated are established on the basis of clinical signs of damage/ischemia distribution for which, in selected cases, maintenance doses (40 UI/cm ^2^) can be applied in the areas most affected. The treatment is repeated after a few hours if the ischemic area shows no improvement with double daily doses but, in all cases, never extended beyond 72h.

Systemic corticosteroids for four days (prednisone 25 mg/24h per os) to reduce edema and increase microcirculation perfusion, oral salicylic acid 100 mg per os like anti-platelet, antibiotic prophilaxis (levofloxacin 500mg / 24h for 4 days) for any infections, topical cream with nitric oxide (3 times a day) to improve blood perfusion, antibiotic therapy, topical cream with nitric oxide, and compresses with gauze and warm water are also recommended in this protocol. In the following days, the evolution of clinical signs should be monitored and therapy continued if needed.

The protocol must be implemented as soon as possible, specifically the cortisone drugs are used in the first 24 hours and continue until the fourth day, the treatment with acetylsalicylic acid 100 mg starts in the first 24 hours and lasts for 10 days, the antibiotic prophylaxis is established. in the first 24 h and continues for 4 days.

Case 1
======

In June 2017 a 36-year-old female patient was admitted for treatment of infiltration of HA-based dermal fillers. The patient had received treatments with dermal fillers in the past without adverse reactions. Immediately after the dermal filler procedure, the treated areas appeared in good condition without signs of skin suffering. Three days later, at a follow-up examination, the left treated area appeared cyanotic and swollen despite the patient not complaining of discomfort. The skin appeared erythematous with distribution along the left nasolabial folds up to the lateral nasal wall, and the capillary refill time appeared slow or absent ( [Figure 1](#f1){ref-type="fig"}). Consequently, treatment with the protocol, as stated above, was performed immediately. We used 40UI of hyaluronidase per cm ^2^, two times a day for 3 days. The patient received acetylsalicylic acid 100 mg / 24h for 10 days, prednisone 25mg / 24h for 4 days, levofloxacin 500mg / 24h for 4 days, topical cream with nitric oxide 2 times a day and compresses with gauze and warm 3 times a day.

![A 36-year-old female patient with skin suffering in the left naso-labial fold region after hyaluronic acid infiltration from dermal fillers.\
Three days after dermal filler treatment, erythematous and blister formation was observed along the nasolabial vessels. Part of the erythema extends to the middle of the nose.](f1000research-7-20633-g0000){#f1}

Necrotic complications of the face were avoided in this patient ( [Figure 2](#f2){ref-type="fig"}).

![A 36-year-old female patient with hyaluronic acid infiltration from dermal fillers treated with the early protocol.\
Left panel: 7 days after first treatment; middle panel: after 15 days; right panel: clinical check after 45 days. It should be noted that there is no scarring in the final image.](f1000research-7-20633-g0001){#f2}

Case 2
======

In August 2017 a 45-year-old woman was treated with HA to fill the region of nasolabial folds. In the past the patient had received similar treatments without adverse reactions. At the clinical check after three days, the patient shows signs of skin suffering. Compared to Case 1 the erythematous area was smaller with distribution retained to the medial region of the cheek ( [Figure 3](#f3){ref-type="fig"}). Treatment with the protocol, as stated above, was performed immediately and 40UI/cm ^2^ of hyaluronidase was injected every 12 h per 2 days, after only 1 dose for the third day. Systemic corticosteroids, antiplatelet therapy, antibiotic therapy and local topics were used according to protocol, as expressed in Case 1.

![A 45-year-old woman with skin suffering in left naso-labial fold region after hyaluronic acid infiltration from dermal fillers.\
There is an erythematous halo, blisters and livedo reticularis in the middle third of the left cheek.](f1000research-7-20633-g0002){#f3}

Necrotic complications of the face were avoided in this patient ( [Figure 4](#f4){ref-type="fig"}).

![A 45-year-old female patient with hyaluronic acid infiltration from dermal fillers treated with the early protocol.\
Left panel: the erythematous lesion has decreased in intensity after 7 days from treatment; middle panel: after 12 days; right panel: after 45 days. The green dots in the picture are the result of a damaged camera, we have not modified the image.](f1000research-7-20633-g0003){#f4}

Discussion
==========

Damage after dermal fillers can lead to severe consequences, such as skin necrosis, and the involvement of ocular, nerve and muscle structures ^[@ref-2]^. Skin necrosis is the most significant complications after dermal filler. The incidence of vascular damage after use of fillers has been estimated at 3--9 per 10,000 for HA products, but the true incidence of this complication is unknown ^[@ref-9],\ [@ref-10]^. The skin necrosis after dermal fillers injection is an emergency, the best treatment is often the quickest. The gold standard is prompt injection of hyaluronidase with a dose of 40 IU per cm2 of affected area. Some authors have described oral antiplatelet drugs, like cardioaspirin while some have cited the use of vasodilator drugs. Today again there is no international standard protocol for the treatment of these complications. In our cases, the patients manifested skin problems probably from filler emboli or direct destruction of the vessels during needle manoeuvres. Interestingly our patients did not experience any pain or discomfort during and after the HA dermal filler procedure. In the literature, some manoeuvres have been reported to reduce the risk of vascular damage, such as aspiration during infiltration ^[@ref-11]^, low pressure injection, continuously moving the needle or cannula while injecting, injection of small quantities (maximum 0.1 mL of filler per pass) ^[@ref-12]^, observing skin changes during the immediate post-injection phase, and excellent knowledge of anatomy ^[@ref-13]--\ [@ref-15]^. Typically in areas with terminal vascular circulation, the cutaneous vessels suffering may be more likely; in our cases it is one of the most vascularized areas of the face, the nasolabial folds ^[@ref-15]^.

In this kind of complication, an early treatment is the best choice. The gold standard is prompt injection of hyaluronidase ^[@ref-16]^.

De Lorenzi presents a protocol with high doses of hyaluronidase ^[@ref-8]^, where the dosage of hyaluronidases is quantified on the basis of the regions of the face affected (for example: for the glabellar region 500 IU of hyaluronidase). We agree with the De Lorenzi that the use of elevated quantities of hyaluronides is required for the treatment of adverse events of vascular filler; however, we believe that a distribution per cm ^2^ is more precise. More treatments has been described but there is no international standard protocol for the treatment of these complications.

As expressed by various Societies of Plastic and Aesthetic Surgery, to minimize the incidence of this type of damage it is essential to contact qualified and trained medical personnel, who follow modern international protocols ^[@ref-17]--\ [@ref-19]^.

The strengths of our protocol is certainly the result with no residual mark of skin suffering that has been seen in our cases, while the major limitation is the necessary execution of the protocol within 72h from the damage.

Conclusion
==========

Today, the best solution for vascular damage is to categorically avoid dermal fillers treatments with non-medical and untrained personnel. This report aims to offer present a protocol for the early treatment of vascular damage after dermal fillers. Our early-implementation protocol has been compared with results presented in the literature and allowed us to avoid complications such as skin necrosis with permanent damage ^[@ref-20],\ [@ref-21]^.

Consent
=======

Written informed consent was obtained from the patients for the publication of this case report and any associated images.

Data availability
=================

All data underlying the results are available as part of the article and no additional source data are required.
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My impression is still that both cases with superficial necroses would have healed easily by nature, only- and that Dilorenzi´s experiments on hyaluronidase penetration through dead arteries are not sufficient proof to recommend intralesional hyaluronidase injections: there is no hyaluronic acid outside of the arteries.

I have read this submission. I believe that I have an appropriate level of expertise to state that I do not consider it to be of an acceptable scientific standard, for reasons outlined above.
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Ciancio and colleagues have provided a revised version of their article which includes additional information on rationale, dosing, and administration of the components of their newly proposed protocol. With this information, the protocol should be much more reproducible for others in the community. It will be up to the community to further determine clinical benefit for this regimen in larger studies.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard.
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Ciancio and colleagues present a new protocol for preventing skin necrosis for patients undergoing treatment of dermal fillers. As the use of dermal fillers become increasingly common, this could offer a new approach to mitigating potential serious adverse events.

This study offers an interesting new proof of concept with two cases that underwent the protocol. Ideally, the authors will next present a larger observational study to further support their concept and demonstrate the benefits of this regimen. 

To make sure that others would be able to duplicate such a procedure, it\'s important to be specific. The authors should take the time to explain in more detail why each of the components is included in the regimen, i.e. what each piece is adding. Also, would recommend detailing when systemic corticosteroids should begin (prior to rest of the regimen? after?). If doses/timing is all done on a case-by-case basis, then this must be stated. 

Overall, nice outcomes in two cases from an interesting protocol. Will require a larger study to demonstrate if this protocol warrants more widespread uptake.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard, however I have significant reservations, as outlined above.
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Revision:

As recommended by the Review we added (in red) details of the dosage on the presented protocol, we have included the rationale of use for each treatment. We have added a paragraph in the section of the Protocol indicating the times of use of the drugs and when to begin treatment with each category of drugs.
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Sorry to say: but these 2 cases are not representative for an outcome of any therapy; they would have been solved by themselves, i.e. by Nature within one week. Check your own publication (below) or google images: much worse superficial necroses and infections healed without obvious scarring. - My PC contains at least 10 serious cases from Brazil and elsewhere, where cosmeticians and even hairdressers are allowed to inject dermal fillers.

The reason for skin necrosis in the face is always intra-arterial injection: therefore, its prevention is using a cannula or better: moving the needle or a cannula back and forth during injection. The facial artery can easily be palpated from intraorally just above the mucosa and way beneath the nasolabial fold. To inject HA soo deeply shows the lack of knowledge of the anatomical layers of the face.

Hyaluronidase is a logical therapy (and the present Gold Standard, I know) - if it could be injected into the embolized artery. DeLorenzi´s experiments on blocked dead arteries in hyaluronidase are not convincing that this enzyme dissipates through the arterial wall from the outside. I just reviewed a manuscript from Beijing where similar experiments in a living rabbit ear showed slight recovery of the necrosis only when hyaluronidase was injected intra-arterially within the first 4 hours.

It is difficult to demonstrate an effect of any therapy in emergencies.

To make it short, as long as there is no proof that hyaluronidase enters blocked arteries from the outside (why should it?) we should stick to an immediate physical procedure to try to spread the intra-arterial HA by retrograde scratching with a fingernail through the oral mucosa and emptying it thereby - or massive massaging of the blocked area in all directions hoping to distribute the HA to other branches. I have not done it - but it sounds logical to me.

I have read this submission. I believe that I have an appropriate level of expertise to state that I do not consider it to be of an acceptable scientific standard, for reasons outlined above.
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It is necessary to clarify about the review of Gottfried Lemperle. 

We agree on the use of blunt cannulas and on infiltration techniques with continuous moviments, small quantities of filler and anything else procedure to reduce the risks of ischemic damage from filler infiltration.

The reviewer affirms that "these 2 cases are not representative for an outcome of any therapy; they would have been solved by themselves, i.e. by Nature within one week" we do not agree with him.

The signs of vascular complications after dermal fillers are described in the literature  ^1^. In fact, the early signs are blisters (3 days), erithema, livedo reticularis (up to a few days) and then crusting, necrosis (after days 6), slough, and finally healing by secondary intention − a process that may take six weeks or more. Therefore, in our clinical opinion, the photos shown in the paper are indicative of early signs of vascular compromise from dermal fillers and require integrated early treatment. The presumption that the scar results would be the same even without treatment must be scientifically proven.

We do not agree when he says \"Delorenzi\'s Experiments on Online Blonde Dead Arteries in Hyaluronidase Are Are not Convincing This Enzyme Dissipates Through The Arterial Wall From The Outside \... to Make It Short, As Long As there is not Proof That Hyaluronidase Enters Blocked Arteries from the Outside (Why Whyu Shted it?)\" ^2^.

In literature there are many papers that state the effectiveness of the use od hyaluronidases in the subcutaneous tissue, near the affected area. The skin damage may result from extrinsic obstruction of the vessels so the necrosis may also occur secondary to local edema or to occlusion of adjacent vessels, secondary to the hydrophilic properties of the product, motivated the extravascular use of hyaluronidases.  Use of this enzyme around the vessels is finalized to reduce the extrinsic vessel's obstruction by hyaluronic acid. Several studies showed that the injection of hyaluronidase, throughout the area around the vascular occlusion point, promote its intravascular penetration and facilitate removal of the HA that is obstructing the vessel ^3-4-5^. De Lorenzi\'s experiment on sections of arteries and facial veins appears interesting and the concept of \"flooding\" the affected area deserves respect. Until there is no contrary evidence, it is a logical and appropriate rational. So we are in disagree with the reviewer.  Urdiales-Gálvez F, Delgado NE, Figueiredo V, et al.: Treatment of Soft Tissue Filler Complications: Expert Consensus Recommendations. Aesthetic Plast Surg. 2018; 42(2): 498--510.  DeLorenzi C: Transarterial degradation of hyaluronic acid filler by hyaluronidase.Dermatol Surg. 2014; 40 (8): 832-41 DeLorenzi C: New High Dose Pulsed Hyaluronidase Protocol for Hyaluronic Acid Filler Vascular Adverse Events.Aesthet Surg J. 2017; 37 (7): 814-825 Hirsch RJ, Cohen JL, Carruthers JD (2007) Successful manage- ment of an unusual presentation of impending necrosis following a hyaluronic acid injection embolus and a proposed algorithm for management with hyaluronidase. Dermatol Surg 33(3):357--360 Bachmann F, Erdmann R, Hartmann V, Wiest L, Rzany B (2009) The spectrum of adverse reactions after treatment with injectable fillers in the glabellar region: results from the Injectable Filler Safety Study.  Dermatol  Surg 35(Suppl 2):1629--1634 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Very good written article about the author\'s experience with the use of hyaluronidase in preventing skin necrosis after dermal filler infiltration. Their protocol is clearly stated and the pictures are very representative of the clinical course of the two patients treated. Discussion could be more complete by citing further authors. Thanks for your effort.

I have read this submission. I believe that I have an appropriate level of expertise to confirm that it is of an acceptable scientific standard.
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